INTRODUCTION
Despite diabetes mellitus being the most common chronic disease with high mortality, morbidity and costs, the number of people with diabetes is still increasing in Japan and other countries. Although the benefits of tight control of blood glucose have been well recognized and supported with evidences of several studies [1] [2] [3] , the management of diabetes is complex, and considered to be not quite successful in a real-world setting.
The availability of six kinds of oral antidiabetic drugs (OADs) including a new type of OAD, dipeptidyl peptidase 4 inhibitors (DPP-4I), has broadened the choice for the treatment of diabetes. Before 1993, only insulin, sulfonylureas (SUs) and biguanides (BGs) were available in Japan, although the use of BGs was very low. In 1993, the first alpha-glucosidase inhibitor (AGI) was released, a rapid-acting secretagogue of insulin (Glinide) and pioglitazone (Pio) were released in 1999, and the newest SU, glimepiride, was released in 2000. DPP-4I have been available since 2009, and a high dose of metformin (up to 2,250 mg) has been available since 2010. However, trends in the prescribing of OADs in Japan have not been well documented so far.
The Japan Diabetes Clinical Data Management (JDDM) study group, which is comprised of 73 clinics, has recorded clinical data in a database platform named CoDiC 4 since 1999, so we can trace the clinical data and prescribing patterns. The present study aimed to use CoDiC data to gain insights into the trends of diabetic treatment, especially the use of OADs, and to examine any associated changes in glycemic control.
MATERIALS AND METHODS

Ethical Considerations
The present study was approved by the ethics committee of the Japan Diabetes Clinical Data Management Study Group (JDDM), which also included outside members, such as lawyers and ethics experts. . In the present study, we expanded the period to 2002-2011, and analyzed the data for type 2 diabetes patients from 24 clinics, which joined JDDM through this study period to lessen the selection bias of physicians. The inclusion criteria were outpatients with type 2 diabetes who were aged 15 years or older. The most recent data from May to July for each year were collected for analysis.
The types of therapy were divided into five categories: diet, OAD therapy, insulin, combination of insulin and OAD therapy, and therapy with glucagon-like peptide-1 receptor agonist (GLP-1; mono-or combination therapy). We divided OADs into six categories: SUs, BGs, AGIs, Pio, Glinides and DPP4I.
For each OAD therapy, the prescribing rates and patterns in each study year were recorded. For the calculation of the prescribing rates, we calculated the number of patients prescribed each individual OAD divided by the total number of patients on OAD therapy for that year. For the calculation of the rate of a specific prescribing pattern, we used the number of patients with that pattern divided by the total number of patients on OAD therapy for that year. Prescribing patterns were separated into two major types, monotherapy and combination therapy (treatment with two or more OADs). Patients who were prescribed OADs with insulin were excluded for the study of the use of OADs.
Glycated hemoglobin (HbA1c) was measured by high-performance liquid chromatography using either of the ADAMS A1c (Arkray, Kyoto, Japan) or HLC-723 (Tosoh corp., Tokyo, Japan). The value of HbA1c, which is equivalent to the internationally used HbA1c (%) defined by the National Glycohemoglobin Standardization program, is expressed by adding 0.4% to the HbA1c (%) defined by the Japan Diabetes Society 7, 8 .
Statistical Analysis
We used one-way ANOVA to test the statistical significance of the patients' characteristics, which were continuous variables. The data of continuous variables were presented as mean -standard deviation. The Cochran-Armitage test was used to test the statistical significance of trends in the prescribing patterns and sex ratio in patients' characteristics from 2002 to 2011. The v 2 -test was used to compare the performance rate between two groups. The Bonferroni correction was applied for multiple comparisons. All statistical analyses were carried out with the statistical software package SPSS (SPSS Inc., Chicago, IL, USA). P-values < 0.05 were considered to be statistically significant. Table 1 The proportion of patients treated with each type of therapy in each year is listed in Table 2 . The percentage of diet therapy significantly decreased, and that of OAD therapy significantly increased over the study period, especially in 2011 (both P < 0.001). The percentage of insulin therapy without OAD significantly decreased, and that of insulin + OAD significantly increased over the study period. The percentage of patients treated with GLP-1 was 1.2% in 2011.
RESULTS
Trends for the prescribing rates of individual OADs are shown in Table 3 . SU was the most commonly used drug, but its use for monotherapy significantly decreased from 37. In 2011, the proportion of patients prescribed DPP-4Is was 6.8% for monotherapy and 30.7% for combination therapy, showing that DPP-4Is were the third most frequently prescribed class of drug. Table 3 shows the annual patterns of prescribed regimens. Among all the regimens, SU plus BG combination therapy and SU monotherapy were the most common. The sum of the top five regimens comprised 77.9% of all the regimens in 2002, 70.3% in 2005 and 63.0% in 2008, and decreased to 52.4% in 2011, which showed that the wider variety of regimens were used as years progressed. Table 4 shows the trends of the prescribing rates of individual OADs in patients subgrouped by age (<65 or ≥65 years). The trends were the same as those described earlier; however, BG and Pio were prescribed less, and AGIs and Glinides tended to be prescribed more for the patients aged 65 years or older than for those aged under 65 years. The proportions of patients prescribed SU in 2002 and 2005 were similar between the two age groups; however, the proportions were significantly larger in the older group in 2008 and 2011. DPP-4Is were significantly less commonly used in the older group (P < 0.001).
The rate of achieving the HbA1c target of <7.0% was significantly improved from 32.2% in 2002 and 32.5% in 2005 to 43.2% in 2008 (P < 0.0001) and 48.9% in 2011 (P < 0.0001). Figure 1 shows the trends of mean HbA1c achieved for OAD therapies subgrouped by the number of OADs in the regimen. The mean HbA1c in each group had significantly decreased through the study period (P < 0.0001). The mean HbA1c in each year tended to be higher with the increase in the number of prescribed OADs (P < 0. 
DISCUSSION
This cross-sectional study shows how the pattern of choice and number of OADs prescribed in Japan has changed in the 10 years from 2002 to 2011. The results indicate that SU monotherapy was markedly decreased, but SUs were still highly prescribed for combination therapy. There was a highly significant increase in the use of BGs both for monotherapy and combination therapy. These trends are consistent with the reports from the UK 9, 10 , Italy 11, 12 , France 13 , Taiwan 14 and the USA 15, 16 . The present study showed the trends of the increase of the use of BG and the decrease of that of SUs reported by Kanatsuka in 2006 5, 6 had become more pronounced. Before the introduction of AGIs, Pio and Glinides in Japan, almost all prescribed OADs were SUs; although BGs were available, they were not widely used because of concerns about their side-effects. As UK studies showed the effectiveness of metformin 17, 18 , and the call for more intensive glycemic control [1] [2] [3] as well as the control of postprandial hyperglycemia 19, 20 had been increased, the effectiveness of BGs were reassessed and BGs had also become more used in Japan. The obese population has been increasing in Japan during the study period 21 , and physicians have increasingly recognized the importance of insulin resistance as a pathophysiology of diabetes and have become more sensitive to risk of weight gain associated with the use of OADs. The dose of metformin available in Japan increased from 750 to 2,250 mg in 2009, which heightened the clinical effect of metformin and spurred the use of BG. Increased use of BGs was observed in both age groups (≥65 and <65 years) over the 10-year period, although BGs and Pio were less prescribed for the older group compared with the younger group.
The present study also assessed the use of newly launched DPP-4I. The release of DPP-4I had a great impact on prescription patterns. Only 1 year after their release, DPP-4I had become the third most used OAD both for monotherapy and combination therapy. In 2011 the proportion of diet therapy decreased and that of OAD therapy increased compared with earlier years. We consider this change to be the result of the release of DPP-4I. The rapid increase of the use of DPP-4I might also reflect the expectation of physicians that their use would avoid the side-effects of previous OADs, such as weight gain and hypoglycemia 22 , while maintaining the insulin secretion ability of pancreatic b-cells, as shown in rats and mice 23, 24 . The OAD therapy might have been started earlier than before, encouraged by the low risk of hypoglycemia with DPP-4I. The rapid early adoption of DPP-4I into practice was also reported in the USA 25 , although several more years will be required to assess their place in therapy. In the older group, the use of DPP-4I was 34.6%, which was less than the 40.6% usage in the younger group, despite the low risk of hypoglycemia associated with this drug. Physicians should be careful when prescribing a new drug for elderly patients.
The present study showed the increase of combination therapy, from 47.2% in 2002 to 64.1% in 2011. The use of three OADs in combination doubled, and that of four OADs increased 15-fold in 10 years. In general, treatment of type 2 diabetes is carried out in a stepwise manner -initially with lifestyle modification, followed by the use of one OAD and then by a combination of two or more OADs or OAD with insulin is considered 26 . The United Kingdom Prospective Diabetes Study (UKPDS) 27 reported that oral monotherapy is often effective at first, but combination therapy is ultimately necessary to achieve good glycemic control. Furthermore, with the availability of a wide variety of OADs, it is recommended that combination therapy be started early to achieve better glycemic control with a lower risk of side-effects for each agent 28, 29 . With the diversity of OADs and prescription patterns, the top five prescription patterns comprised just 52.4% of all treatment regimens in 2011; this percentage had gradually decreased from 77.9% in 2002.
As a consequence of these changes in OAD therapy, the proportion of patients achieving the target HbA1c level of <7.0% , and the use of BG both for monotherapy and combination therapy increased through the study period. The factors for the improvement in 2011 were speculated to be the introduction of DPP-4I and a high dose of BG. The average HbA1c tended to be higher with the increase in the number of prescribed OADs, except for the four OADs group. However, the level was improved in every group over the study period (Figure 1) .
The findings of the present study must be interpreted within the context of the limitations of the study design. This study was a retrospective analysis of OAD prescription patterns of diabetes specialists. Obviously, we can only describe a temporal association, and not cause and effect. We could not analyze the doses of prescribed OADs, or evaluate the appropriateness of therapy. Despite these limitations, the present study showed the prescription pattern in practice for a large number of patients with type 2 diabetes.
In conclusion, the OAD prescribing trend has moved away from monotherapy with SUs and toward combination therapies to achieve better glycemic control. Increased use of BGs and DPP-4 inhibitors predominated in 2011 in Japan. These trends were accompanied by an improvement of HbA1c level. 
